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AN NROM NOR ARRAY 

FIELD OF THE INVENTION 

The present invention relates generally to NOR array architectures for memory 
arrays and specifically, to such arrays for non- volatile memories such as nitride read only 
5 memory (NROM) arrays. 

BACKGROUND OF THE INVENTION 

A memory cell typically is formed of a channel between two terminals, known as 
the source and drain. Above the channel is some form of memory element, winch is 
activated by a third terminal, known as the gate. 
10 To create an array of memory cells, the gates of rows of cells are connected 

together in word lines, the drains of columns of cells are connected together as bit lines and 
the sources are connected together as cither bit lines or common, sources. The arrangement 
of word fines, bit lines and common lines or common sources is known as the architecture 
of the array and there are many such architectures- 

One common architecture is called the "NOR array". Such an architecture is 
shown in Fig. 1, to which reference is now made. 

Fig. 1 shows an array of cells 10 whose gates G are connected in rows by word 
lines WLi and whose drains D are connected in columns by bit fines BLj . The sources S of 
the cells are connected to ground fines, indicated by arrowheads. Fig. 1 indicates that the 
20 word fines WLi are connected to a row decoder (XDEQ 12 and the bit lines BLj are 
usually accessed by a multiplexer (YMUX) 16 through which the cells can be biased and 
read, The NOR architecture of Fig. 1 is useful for read only memory (ROM) arrays and 
FLASH electrically erasable, programmable read only memory (EEPROM) arrays and is 
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very common for floating gate type cells. Non-FLASH EEPRQM arrays (ie. arrays 
wherein each cell or a small subset of cells is individually erasable) requite a modified NOR 
array, as shown, in Fig. 2, to which reference is now made. 

In this architecture, each cell 10 is controlled by a select cell 18 and a row of 
select cells 18 is controlled by a select Hoe SELL Select cells 18 are typically standard 
transistors (such as n-charmel MOS transistors) whose drains are connected to the bit lines 
BLj, whose sources are connected to the drains of the cells 10 that they control and whose 
gates are connected to the relevant select line SELL When a cell, such as ceD 10A, is to be 
accessed, its word line WLi and associated select fine SELi are activated as is its bit fine 
BLj. Because select line SELi and word line WLi are activated, the cells of the kh row are 
potentially activated- However, the only cell that wiD be accessed is cell 10A since only its 
drain will receive power, through activated select transistor 18 A. Other ccDs that share the 
accessed -word line WLi and select line SELi do not feel any high voltage because their bit 
fines are not activated. Furthermore, cells sharing the same bit fine BLj do not feel the high 
bit fine voltage because their select transistors SELi are off 

In addition to the "per-cell select transistor*', there are typically "array select 
transistors", which segment the array into blocks. The need for so many cell select 
transistors significantly increases the cell area. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and appreciated more fulty from the 
following detailed description taken in conjunction with the appended drawings in which: 

Fig. 1 is an illustration of a NOR array; 

Fig. 2 is an illustration of a NOR away for EEPROM cells; 

Fig. 3 A and 5B are schematic illustrations of an NROM memory cell; 

Figs. 4A and 4B ace illustrations of a NOR array for two bit NROM cells, 
operating as FLASH EEPROMs, constructed and operative in accordance with an 
embodiment of the present invention; 

Fig. 5 is an illustration of a single bit per cell, EEPROM array within a NOR array, 
constructed and operative in accordance with a further embodiment of the present 

Fig. 6 is an illustration of a combined FLASH and EEPROM array in a NOR 
architecture, constructed and operative in accordance with another embodiment of the 
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DETAILED DESCRIPTION OF THE PRESENT INVENTION 

The present invention is a NOR array having nitride read only memory (NROM) 
type cells. NROM cells are described in US 5,768,192 and 6,011,725 and in copending US 
patent application 09/211,981, all assigned to the common assignees of the present 
5 invention. The disclosures of the above-identiSed patents and application are incorporated 
herein by reference. 

An NROM cell will be briefly described with respect to Figs. 3A and 3B, after 
which a plurality of NOR array architectures arid then" operations will be described. 

Reference is now made to Figs. 3 A and 3B, which illustrate the NROM cell and its 
10 operation. The NROM cell has channel 100 between two diffusion areas 102 and 104. 
However, unlike floating gate cells, the NROM cell has two separated and separately 
chargeable areas 106 and 108 found wrrhrn a nitride layer 110 formed in an oxide-nitride- 
oxide (ONO) sandwich (layers 109, 110 and 111) underneatli gate 112. Each chargeable 
area defines one bit. The NROM cell can be utilized either as a single bit cell (using only 
15 one of areas 106 and 108) or a dual bit cell (using both) and each of the hits 106 and 108 
can be operated as a muM level bit. 

To program the left bit in area 106, the left diffusion area 102 receives a high 
programming voltage V D (Le. area 102 is the drain) and right diflusion area 104 is 
grounded (ie. area 104 is the source). Hence the electrons flow from area 104 to area 102. 
20 This is indicated by arrow 1 1 4. The channel hot electrons are then injected into the nitride 
layer, in area 106. The negative charge in area 106 raises the threshold voltage of the ceE, 
if read in the reverse direction. 

The opposite is true for programming area 108; the left diffusion area 102 is the 
source (Le. grounded) and right diflusion area 104 is the drain (Le. receives high 
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programming voltage V D ). The cell is therefore programmed in the opposite direction, as 
indicated by arrow 113, and the electrons then, jump up into chargeable area 108. 

To erase the left bit in area 106, the gate receives a negative erase gate voltage Vge, 
the left diffusion area 102 receives an erase voltage V c and right diffusion area 104 is left 
floating. To erase the right bit in area 104, the gate receives a negative erase gate voltage 
Vge, the right diffusion area 1 04 receives the erase voltage V e and left diffusion area 1 02 is 
left floating. 

For NROM cells, each bit is read in the direction opposite (a "reverse read") to that 
of its programming direction. An explanation of the reverse read process is described in 
U.S. patent application 08/905,286, mentioned above. To read the left bit stored in area 
106, right diffusion area 104 acts as the drain and left diffusion area 102 acts as the source. 
This is known as the "read through* direction, indicated by arrow 1 1 3. To read the right bit 
stored in area 1 08, the cell is read in the opposite direction, indicated by arrow 114. Thus, 
left diffusion area 102 is the drain and right diffusion area 104 is the source. 

During the read operation, the presence of die gate and drain voltages V G and Vq, 
respectively, induce a depletion layer 54 (Fig. 3B) and an inversion layer 52 in the center of 
channel 100. The drain voltage V D is large enough to induce a depletion region 55 near 
drain 104 that extends to the depletion layer 54 of channel 100. This is known as "barrier 
lowering" and it causes 'punchMhrough" of electrons from the inversion layer 52 to the 
drain 104. 

Since area 106 is near left dirftision area 102 which, for this case, acts as the 
source (Le. low voltage level), the charge state of area 106 will determine whether or not 
the inversion layer 52 is extended to the source 102. If enough electrons are trapped m left 
area 106, then the voltage thercacross will not be sufficient to extend inversion layer 52 to 
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the source 102, the cells current will be bw, and a "0" will be lead The opposite is true if 
area 106 has no charge. 

Reference is now made to Figs. 4A and 4B, which illustrate a NOR array for 
NROM cells, labeled 120, operating as FLASH EEPROMs. As in a standard NOR array, 
word lines WLi connect the gates of a row of NROM cells 120. Bit lines BLj are connected 
to one of the diffusion areas of a column of NROM cells 120 while common lines CLp are 
connected to the other diffusion area of a row of NROM cells 120. It is noted that, in this 
embodiment, pairs of neighboring NROM cells of a column can share the same common 
line CLp. Similarly, pairs of neighboring NROM cells of a column can share the same 
connection to the BLj. Thus, there is one common line CLp for every two word lines WLi 
and WLi+1 and one common connection to the BLj for every pair of NROM cells on every 
two word lines WLi+1 and WLrt-2. However, the specific arrangcmeni of shared common 
lines and shared BL connections shown herein is only an exemplary arrangement. 

As shown in the exemplary embodiment of Figs. 4A and 4B, the array is 
segmented and a block k of word lines is accessed through a single common select 
transistor 122 and a plurality of bit line select transistors 124 A and 124B. It will be 
appreciated that the segmentation is not required to practice the present invention, nor is 
the particular segmentation shown in Figs. 4A and 4B the only segmentation possible. 
Exernpjary segmentations for a different architecture are described in US Patent 
Application 09/727,781, filed December 4, 2000, whose disclosure is incorporated herein 
Sucb segrrsnlajtkm, which includes multiple levels of select lines, can be utilized herein as 
welL 

Common select transistors 122 are controlled by common select lines CSELk 
while bit line select transistors 124 A and 124B are controlled by bat line select lines 
BSELAk and BSELRk, respectively. The common select transistor 122 of a block 
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connects a local common line CLp, local to the block k, to a global common line GCLn 
that extends to a column of blocks. For this purpose, there is a connecting line 126 that 
connects common select transistors 122 to the common lines of the block. 

There is one bit Hne select transistor 124 for each local bit line BLj, local to the 
block k. For every pair of local bit lines BLj, there is a global bit line GBLmto which they 
are connected via bit line select transistors 124A and 124B. Which local bit line BLj is 
currently connected to global bit Hne GBLm depends on which select line BSELAk or 
BSELBk is currently actrvated. 

The array additionally comprises control elements which activate and provide 
power to the various selected word, bit, select and common lines. Two elements, in 
particular, are shown in Figs. 4A and 4B, a Y multiplexer (YMUX) 130 and a sensing unit 
132. 

In the present invention, sensing is performed on the selected bit line. However, 
since there are two storage areas in each NROM cell 120 and since the storage areas are 
read in opposite directions, sensing unit 132 has two sense amplifiers, a GL sense amplifier 
1 34 and a BL sense amplifier 136. YMUX 130 connects the selected bit line to the relevant 
sense amplifier 1 34 or 1 3 6, depending on the type of storage area being read. 

To access the block k, common select line CSELk activates common select 
transistor 122 to connect global common line GCLn to the common lines CLp of block k 
To access the highlighted cell 120 A, power must be provided to word tine WLi and to local 
bit Hne BLj+1. To provide power to local bit line BLj+1, bit fine select fine BSELBk must 
activate bit fine select transistor 124B to connect global bit line GBLm to local bit fine 
BLj+1 . Moreover, YMUX 130 is configured to provide power to global bit fine GBLm and 
to global common line GCLn via switches 138. Switch 138A connects to the relevant bit 
line power supply for pie-charge of the selected bit line, after which switch 138A connects 
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to the relevant sense amplifier for sensing. Switch 138B connects gbbal common line 
GCLn to its relevant power supply during sensing. 

In Figs. 4A and 4B, the path that the current follows is bolded. It flows from a 
power source (not shown) through YMUX 130 to gbbal common line GCLn, through 
common select transistor 122 to connecting line 126 to common line CLp to one diffusion 
area of NROM cell 120 A. The current then flows through NROM cell 120A to the other 
diffusion area which is connected to local bit line BLj+1, through bit line select transistor 
124B to global bit line GBLm and through YMUX 130 to one of the sense amplifiers of 
sensing unit 132. 

For the present discussion, the storage area on the bit line side will be called herein 
the "BL storage area" and the storage area on the common line side will be called herein the 
"CL storage area". Fig. 4A illustrates the operations for the BL storage area (marked as a 
dark circle on NROM cell 120 A) while Fig. 4B illustrates the operations for the CL storage 
area. It is noted that the voltage levels to be provided to the gbbal bit and common lines 
during the read/program/erase operations are listed on the figures in that order, first for the 
BL storage area followed by those for the CL storage area. Thus, the label Vr/O/F indicates 
that the line receives a read voltage Vr during reading, a 0 (or ground) voltage during 
programming and is left floating (F), or driven to a low voltage, during erasure. The 
voltages used for accessing the relevant type of cell are bolded. 

In reading, the terminal close to the storage area being read is grounded. Thus, for 
the BL storage area, bit line BLj+1 is grounded and YMUX 130 is configured to connect 
the gbbal bit line GBLm to BL sense amplifier 1 36 for close to ground reading. In addition, 
global bit fine GBLm is discharged to ground (thereby to bring bit line BLj+1 to ground). 
The global common line is driven to the read voltage Vr (such as 1.5V) and the word line 
WLi is driven to its voHagc for reading, such as 3.5V. To sense the threshold voltage of the 
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BL storage area, global bit line GBLm is released and the signal (current or voltage - either 
of the two is possible) is allowed to develop from the ground leveL More details about 
inTplementing close to ground reading can be found in US 6,128,226, whose disclosure is 
incorporated herein by reference. 

During programming, the terminal close to the storage area being programmed is 
at a programming level Vp. Thus, for the BL storage area, global bit fine GBLm is driven to 
the programming level Vp, such as 4 - 6V, and global common line GCLn is grounded. 
Ward line WLi is driven to its programming level, such as 9V. YMUX 130 is configured to 
disconnect BL sense amplifier 136. Alternatively, the bit line select transistors BSELAk or 
BSELBk can be used to disconnect. 

For FLASH EEPROMs, the cells of a block are erased together. In the present 
invention, the BL storage areas are erased together. To do so, the global common Hne 
GCLn for the block is set to float or driven to a low voltage (such as 1 .5V), all of the global 
bit lines GBL for the block are driven to the erase voltage Ve (such as 4V) and the word 
ihies WL of the block are driven to their erase voltage, such as -TV. Once again, YMUX 
130 or bit fine select transistors BSELA/Bk are configured to disconnect BL storage area 
sense amplifier 136. 

Generally, the opposite set of operations occurs in order to access CL storage 
area. As can be seen in Fig. 4B, the connections are the same, but the voltages provided to 
the global common and bit lines are opposite. Thus, if for the BL storage area the global bit 
line GBLm received O/Vp/Ve and the common line GCLn received Vr/O/F, then for the CL 
storage area, the global bit Hne GBLm receives Vr/0/F and the common rroe GCLn receives 
0/Vp/Ve. 

Furthermore, in order to read the CL storage area, YMUX 130 is configured to 
connect global bit line GBLm to CL sense amplifier 134. For the latter, the following is 
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noted: global bit fine GBLm is first precbarged to a positive read voltage Vr (about 1.5V) 
afier which, the precharge is released and a signal develops at CL sense amplifier 134 which 
is close to the precharge levels. This is in contrast to method for reading the BL storage 
area, for which a close to ground arising operation is utilized. As CL sense amplifier 134 is 
5 a standard type of sense amplifier (which senses the current or voltage, as desired, which 
develops after the precharge is released), it will not be further described. 

Finally, all of the CL storage areas of a block are erased together. To do so, the 
global common lines GCL of the block are driven to the erase voltage Ve, all of the global 
bit fines GBL of the block are set to float and the word lines WL of the block are driven to 
10 their erase voltage. For example, a -7V erase voltage can be used Positive erase voltages 
can be utilized as wel 

Reference is now made to Fig. 5, which illustrates the architecture of the present 
invention for a single storage area per cell EEPROM array. This embodiment utilizes a 
similar architecture and thus, similar elements carry similar reference numerals. The 
IS architecture -will not be further described except to note that it has no select SEL transistors 
such as are found in the EEPROM array of Fig. 2. 

In this embodiment, each NROM cell, labeled 140, stores a single, individuaDy 
programmable and individually erasable EEPROM storage area 142. For each cell, the 
EEPROM storage area is a BL storage area, located on the bit line side of the celL It is 
20 noted that the CL storage areas cannot be individually erased because, during erasure of a 
CL storage area, its common line CLp is at a hi gh level, its word line is negative and its bit 
line floats. Since the common lines are parallel to the word lines, this means that each CL 
storage area of a row receives the same sets of voltages (negative word line, fr*gh common 
tine and floating bit line) and thus, the entire row of CL storage areas corresponding to the 
25 accessed word line WL are erased together. 

10 
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The EEPROM storage area is programmed and read as described hereinabove for 
the BL storage area. Thus, to program the EEPROM bit, the programming voltage Vp is 
provided to the relevant local bit line BLj and the relevant common fine is grounded. 
Reading is done from a close to ground voltage and thus, the global bit fine GBLm is 
connected to source amplifier 136 and the global common line is driven to read voltage Vr. 
As previously mentioned, the close to ground readout can be performed as a current or 
voltage readout. No CL sense amplifier is needed in this embodiment. 

For erasure of an individual storage area, erase voltage Ve is provided to the 
relevant local bit fine BLj while the remaining local bit lines are set to float. All of the 
common lines are set to float. A negative voltage is provided only to the relevant word line 
WLi; the remaining word lines WLi are set either to OV or to a positive inhibit voltage. A 
suitable inhibit voltage is discussed in assignee' s copending application 09/761,818, file d 
January 18, 2001 and entitled "An EEPROM Array And Method For Operation Thereof", 
which disclosure is incorporated herein by reference. 

It will be appreciated that, -when the previously described erase voltages are 
provided, only the BL storage area of the NROM cell at the intersection of selected bit line 
BLj and selected word line WLi will be erased since this is the only cell to receive such an 
erase set of voltages; no other cells receive a similar set of voltages. All the other cells in the 
same row receive the same negative voltage on their word lines but their local bit lines are 
floating and thus, these cells do not erase. All the other cells in the same colurrin receive the 
same erase voltage Ve on their bit lines but their word lines are at a positive voltage level, 
so they do not erase either. 

Reference is now made to Fig. 6, which illustrates a cornbined FLASH and 
EEPROM array in a NOR architecture, constructed and operative in accord anc e with a 
further embodiment of the present invention. In this embodiment, each NROM cell 140 has 
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two storage areas. The BL storage area 142 is an EEPROM storage area, as described 
hereinabove with respect to Fig. 5, while the CL storage area, labeled 144, is a FLASH 
storage area. In other words, a group of the CL storage areas 144 (such, as those connected 
to a common line or all of the storage areas of a block) may be erased together while the 
EEPROM BL storage areas 1 42 may be individually erasable. 

The operation for BL storage areas 142 has been described hereinabove with 
respect to Fig. 5 and thus, will not be farther described. For the FLASH CL storage areas 
144, the operation is as described hereinabove with respect to Fig. 4B. CL sense amplifier 
134 is utilized during a read operation and, as these are FLASH bits, all of the CL storage 
areas of a block are erased together. 

It is noted that, since these are NROM cells, the two storage areas are separately 
accessible and any operation designed to access a BL storage area will not affect its 
neighboring CL storage area. 

The methods and apparatus disclosed herein have been described without 
reference to specific hardware or software. Rather, the methods and apparatus have been 
described in a manner sufficient to enable persons of ordinary skill in the art to readily adapt 
commercially available hardware and software as may be needed to reduce any of the 
embodiments of the present invention to practice without undue ejqperiinetrtation and using 
conventional techniques. 

It will be appreciated by persons skilled in the art that the present invention is not 
limited by what has been particularly shown and described hereinabove. Rather the scope 
of the invention is defined by the claims that follow: 
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